Objectives: To compare the proportion of antimicrobial-resistant strains among bacterial isolates from younger and older hospital patients and to quantify changes in the proportion of antimicrobialresistant strains in both groups over time.
Introduction
Older hospital patients appear to disproportionately suffer the burden of infections that complicate medical care, probably as a result of the age-related decline in the protective immune response, the higher prevalence of co-morbid conditions and the complicated and often invasive therapy that they sometimes require. 1 In addition to enduring more frequent episodes of healthcare-associated infections, older patients, when compared with younger hospital patients, often experience increased morbidity and mortality resulting from these infections. 2 While the frequency and severity of healthcare-associated infections are often higher in older hospital patients, less is known about the incidence of infections with antimicrobial-resistant pathogens in this group. 3 -5 Many clinicians assume that antimicrobial resistance will necessarily be more common among all pathogens infecting older patients, due to the higher prevalence of other established risks for antimicrobial resistance in this group, including prior antimicrobial exposure, a greater number of co-morbid conditions and recent hospitalization or institutionalization. 6, 7 A higher frequency of antimicrobial resistance among older patients could increase the likelihood of delay in the initiation of antimicrobial agents to which the causative pathogen is susceptible, further increasing the risk of subsequent morbidity and mortality for these patients. 8, 9 Much of the evidence suggesting an increased risk of infection with antimicrobial-resistant pathogens among older patients is based on studies of methicillin-resistant Staphylococcus aureus (MRSA). 6, 7 However, the presumed association between age and other common antimicrobial-resistant pathogens has not been established. 10 There are no published studies that systematically compare the frequency of antimicrobial resistance among young and older hospital patients for a number of common pathogens. As a result, clinicians who presume that the frequency of resistance is higher among older patients on the basis of generalizations about this population as a whole could make faulty decisions regarding the selection of antimicrobial therapy. The characterization and quantification of antimicrobial resistance in bacteria from older versus younger hospital patients has important clinical implications. Specifically, assessment of the frequency of resistance could inform decisions regarding the appropriate empirical coverage for older patients with healthcare-associated infections.
The primary aim of the present study was to quantify and compare the proportion of antimicrobial-resistant strains of common bacterial isolates from both younger and older hospital patients at two healthcare facilities in distinct geographical areas. We further aimed to quantify changes in the frequency of antimicrobial resistance in both groups over time and to examine how the frequency of antimicrobial resistance varies between important clinical subgroups, including bloodstream isolates, intensive care unit (ICU) patients and from the oldest old (age 80 years). Based on the results of these analyses, the potential usefulness of age-stratified institutional antibiotic susceptibility reports (antibiograms) is also discussed.
Patients and methods

Study sites
The study was conducted using clinical microbiology data collected at two different acute care hospitals. The University of Chicago Medical Center is a 480 bed facility that serves both a diverse primary care population and a large number of patients referred for subspecialty care. The University of Maryland Medical Center in Baltimore, MD, is a 669 bed tertiary-care centre. Both institutions each have more than 60 adult ICU beds. The study was approved by the institutional review board at each of the two participating centres prior to study commencement.
Antibiotic susceptibility testing
At each institution, routine antimicrobial susceptibility data are determined for bacterial isolates recovered from clinical specimens, irrespective of the specimen's source. Additionally, at both hospitals, local policies dictate the practice of compiling hospital-wide antimicrobial susceptibility reports used by clinicians in the management of patients. The present study includes data collected by the clinical microbiology laboratories at each of the institutions during the 7 year period from 1 January 1999 to 31 December 2005. For the purposes of this study and consistent with CLSI guidelines for antimicrobial susceptibility reports, only the first organism-specific clinical culture per patient, per year, was included. 11 The method for determining susceptibility to specific antimicrobial agents varied slightly between pathogens and between the two institutions, but always conformed to established national standards for laboratory practice. Laboratory methods did not vary at either Chicago or Maryland during the period in which data were collected for the study. In some cases, the range of pathogens or antimicrobial agents that was tested was limited for practical reasons unrelated to the conduct of the study. For example, at both institutions, only Enterococcus faecium and Enterococcus faecalis were included from among all available enterococcal isolates. At Maryland, strains of Pseudomonas aeruginosa, Escherichia coli and Klebsiella spp. were tested for susceptibility to gatifloxacin, levofloxacin and ciprofloxacin. Isolates susceptible to any of the three drugs were considered susceptible to fluoroquinolones. At Chicago, ciprofloxacin was the only drug of this class against which these isolates were routinely tested. To determine the susceptibility of Klebsiella spp. and E. coli isolates to higher-generation cephalosporins, isolates were tested against cefepime at Maryland and ceftriaxone at Chicago. Bacterial isolates for which antimicrobial susceptibility results were not available for a particular agent were excluded only from the analysis of that specific agent, but remained eligible for inclusion in the analysis of other agents for which susceptibility data were available.
Data collection
All eligible clinical isolates from adult patients (18 years) at each institution were included for the analysis of the overall prevalence of antimicrobial resistance and temporal trends in resistance at both Chicago and Maryland. Data were abstracted electronically from clinical microbiology databases at each institution.
Statistical analysis
The x 2 test was used to compare the annual and cumulative prevalence of antimicrobial resistance among bacterial isolates from older (65 years) versus younger patients. To examine the trend in the prevalence of antimicrobial resistance for each of the organisms over time, the results were compared using the x 2 test for trend. For all analyses, the threshold for establishing statistical significance was set at P,0.05. A Bonferroni correction for multiple comparisons was not used to set a different significance level for subanalyses. Statistical analysis was completed using the SAS statistical package (Version 9.1; SAS Institute, Cary, NC, USA).
To better understand the epidemiology of resistance in older and younger hospital patients a number of sub-analyses were also performed. Because the proportion of antimicrobial-resistant isolates tends to be higher among critically ill patients, the prevalence of resistance among isolates collected from patients in the ICU at each institution was examined separately. To ensure that the results were not skewed by the inclusion of a high proportion of colonizing strains from otherwise non-sterile sites, an additional analysis included bloodstream isolates exclusively. Lastly, to more closely examine the relationship between patient age and the prevalence of antimicrobial resistance, a final analysis compared patients aged ,80 years with those 80 years of age, who may be at particular risk for colonization and infection with resistant organisms.
Results
Susceptibility testing results were available for 55 427 isolate/antimicrobial pairings at the two institutions (32543 for Maryland and 22 884 at Chicago) during the 7 year study period. When examined by individual calendar year, there was considerable variation in the proportion of resistant isolates for both older and younger patients at each of the two institutions, although overall resistance rates increased for most organisms over the study period ( Figure 1 ). Detailed results for each pathogen at both institutions are provided in Table 1 .
Staphylococcus aureus
Taking the entire study period, the proportion of S. aureus isolates resistant to methicillin was greater among older than younger patients at both institutions. However, at both Maryland and Chicago, the proportion of S. aureus isolates resistant to methicillin increased in younger patients over time (P, 0.01), particularly near the end of the study period (Figure 1a and b). By 2003, the proportion of methicillin-resistant isolates from younger patients surpassed the proportion from older patients at Maryland. At Chicago, the proportion of methicillin-resistant isolates was higher among the older patients until 2005. The overall difference was found to be statistically significant at Chicago (50.9% versus 40.9%; P, 0.01) but not at Maryland (51.9% versus 48.8%; P ¼ 0.06). The higher frequency of MRSA among older patients at Chicago was consistent whether examining specimens from patients in the ICU, from those older and younger than 80 years and when the analysis was limited to bloodstream isolates only (P,0.01 for each). At Maryland, the proportion of resistant isolates was significantly higher only among ICU patients 65 years old (48.7% versus 37.0%; P,0.01).
Vancomycin-resistant enterococci
The proportion of enterococcal isolates resistant to vancomycin was significantly greater in younger compared with older inpatients at both institutions (Maryland: 19.4% versus 16.5%; P ¼ 0.01. Chicago: 25.0% versus 20.2%; P ¼ 0.02). While this phenomenon was not observed among isolates from ICU patients at either centre, the difference in frequency of vancomycin resistance was even greater when the analysis was limited to bloodstream isolates at Chicago (30.5% versus 24.0%; P ¼ 0.047). While the proportion of isolates resistant to vancomycin generally increased at both institutions and in both age groups during the study period, the increase was more pronounced and sustained at Maryland (Figure 1c and d ).
Pseudomonas aeruginosa
Although the prevalence of fluoroquinolone resistance among P. aeruginosa isolates was observed to increase at both institutions during the study period (Figure 1e and f ) , there was no significant difference in the prevalence of resistant isolates in older versus younger patients at either site (Maryland: 30.1% versus 30.3%; P¼ 0.93. Chicago: 26.2% versus 24.0%; P ¼ 0.26).
While the frequency of resistance to imipenem among P. aeruginosa isolates was generally higher at Chicago than at Maryland throughout the study period, there was a statistically significant higher frequency of imipenem resistance among P. aeruginosa isolates from younger patients at Maryland (9.5% versus 5.9%; P, 0.01), but not Chicago (16.3% versus 15.8%; P ¼ 0.76). At Maryland, the difference was especially pronounced when the analysis was limited to bloodstream isolates only (11.6% versus 2.7%; P ¼ 0.02). A sharp increase in the proportion of P. aeruginosa isolates resistant to carbapenems was detected over time among older patients at Chicago, but not at Maryland (Figure 1 g and h) .
Klebsiella spp. and Escherichia coli
The proportion of Klebsiella species resistant to third-generation cephalosporins or ciprofloxacin did not differ between older and younger hospital patients at either Maryland or Chicago, neither cumulatively nor during any single year (Figure 1i -l) .
The proportion of E. coli isolates resistant to fluoroquinolones was greater among older patients compared with younger patients at both Maryland and Chicago (Maryland: 17.6% versus 13.5%; P, 0.01. Chicago: 12.1% versus 8.3%; P, 0.01). Perhaps most striking was the sharp increase in the proportion of fluoroquinolone-resistant E. coli during the study period in all patient groups at both institutions (Figure 1 m and n) . A small, but significantly greater proportion of E. coli isolates resistant to third-generation cephalosporins was observed among isolates from older patients at Maryland (4.9% versus 3.0%; P, 0.01) and from older ICU patients at Chicago (6.5% versus 2.2%; P,0.01) (Figure 1o and p).
Discussion
The results of this study provide evidence that important but somewhat unpredictable differences exist in the frequency of antimicrobial resistance among common bacterial pathogens isolated from older versus younger adult hospital inpatients. Ultimately, this finding will not be surprising to clinicians and investigators familiar with the unique distribution of clinical risks and exposures that predict resistant infection in any population. Nonetheless, the observation that the frequency of resistance was not uniformly higher among bacteria isolated from older patients could influence the practice of clinicians who inappropriately infer that advanced age itself is a risk for resistance.
Not surprisingly, an increased frequency of methicillin resistance among S. aureus isolates from older patients was observed. Similar findings have been reported in a number of previous studies. 6, 7 However, as is discussed below, this association was not observed for other antimicrobial-resistant pathogens. Moreover, even the rule associating older age and the risk for MRSA may soon be obsolete. Over the last 2 -3 years of the study, a sharp increase in the frequency of methicillin resistance was observed especially among S. aureus isolates from younger patients at both Chicago and Maryland. This phenomenon may be attributable to the increase in community-associated MRSA that has been reported over the past several years. 12 In contrast to the findings for MRSA, the observation that vancomycin resistance appears to be more common among enterococcal isolates from younger patients at both centres was unexpected. However, much like the risk for methicillin resistance among S. aureus isolates from older patients, it would be imprudent to assume that age itself independently predicts the risk for vancomycin resistance. Rather, other epidemiological exposures likely confound the relationship between age and vancomycin resistance. For example, it is possible that younger people sick enough to require hospital admission may actually be affected by chronic or severe medical conditions (e.g. malignancy or rheumatological disease) that render them more likely to have been previously colonized with antimicrobial-resistant bacteria than older patients. There are practical implications to the findings reported in this study. We observed a higher frequency of resistance to imipenem among P. aeruginosa in younger patients at Maryland. Based on this finding, an older patient with suspected or confirmed pseudomonal infection may have no greater need for broader coverage than a similar but younger patient. According to several recent systematic reviews, the toxicity that can accompany the agents used to extend coverage (especially the aminoglycosides) may not only limit the benefit of this approach, but may actually prove detrimental. 
Antibiotic resistance in older hospital patients
This may be especially true in older patients due to a greater physiological susceptibility to the adverse effects of these agents. 13, 14 The observed sharp increase in the proportion of E. coli isolates resistant to fluoroquinolones at both Chicago and Maryland is reminiscent of the findings of a number of other recent investigations. Lautenbach et al. 15 linked a similar increase in resistance in isolates from both inpatients and outpatients to increased utilization of fluoroquinolones. Given the frequency with which fluoroquinolones are increasingly prescribed to treat infection or suspected infection among older patients, it is possible that a similar phenomenon may have contributed to the results reported in the present study.
The changes in frequency of antimicrobial resistance in both younger and older patients over time and between institutions further illustrates the potential problem of neglecting more nuanced epidemiological risks and making overly simplified assumptions concerning the risk for antimicrobial resistance among older patients. The 4-to 6-fold increase in fluoroquinolone resistance observed among E. coli isolates from all patients at both Chicago and Maryland over the 7 year period of this study illustrates why clinicians must have access to up-to-date information regarding the frequency of antimicrobial resistance in order to make the best decisions for patients, young and old. Similarly, the wide variation in the proportion of some resistant strains between the two institutions, such as the 5-fold higher frequency of resistance to imipenem among bloodstream isolates from older patients at Chicago mandates that such information must be determined and disseminated locally. Whether this phenomenon is attributable to differences in patient population, antibiotic prescribing pattern or infection control practice between the two institutions remains uncertain and beyond the scope of the present investigation. Based on the results of just this study, it is also unknown whether trends in antimicrobial resistance will be entirely unique at every acute care facility or whether common patterns will emerge when results from greater numbers of institutions are compared.
This study had several potential limitations. Although data from two distinct study sites were used, both were academic tertiary-care facilities and thus the external validity of these results may be limited. Furthermore, because the present study utilized aggregate data, we were unable to explore the more specific epidemiological and clinical risks that are ultimately responsible for the wide variability observed in the frequency of antimicrobial resistance. For example, we did not have data on antibiotic use, and differences in antibiotic use and corresponding selective pressure between the two facilities could explain some of the observed differences in the prevalence of resistance. Lastly, given some heterogeneity in the methods to assess antibiotic susceptibility between the two sites, some direct comparisons could not be made.
The observed differences in the proportion of antimicrobialresistant strains among bacterial pathogens isolated from younger versus older hospital inpatients could impact selection of antimicrobial therapy. Clinicians and patients already benefit from the availability of institutional and, increasingly, unit-specific antimicrobial susceptibility reports 16 and a similar tool highlighting the frequency of resistance stratified by both patient age and pathogen is likely to be of at least comparable benefit.
Finally, the heterogeneity in the frequency of antimicrobial resistance in younger versus older patients observed in this study serves as an important reminder that much remains to be understood regarding the interplay of age, more specific risk factors and colonization and infection with antimicrobial-resistant pathogens. Until these relationships are better elucidated, unfounded and potentially imprecise assumptions about antimicrobial resistance in older patients may persist.
